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ABSTRACT

Spheroidal and fritted particles of three size classes from close-
in fallout samples collected from Smali Boy were separated by hand.
Analysis of spheroidel. and fritted groups fror the > 1400-p and the
350-700-u size classes showed that spheroidal perticles had higher speci-
fic activities than the fritted particles; however this difference was
leas pronounced for the smaller size groups. Contrary to reported
observations on debris rrom a high-yield coral-surface burst, all groups
showed comparable degrees of fractionation for radionuclides with rare-
gas precursors. The Small Boy shot conditioris were unique, however, and
this homogeneity may not occur in more typical silicate-surface bursts.
Rul00 and Sbl25 were alike in behavior, but the data for these radio-
nuclides éo not correlste like those for rare-gas descendants. The nec-
egsity cf adopting multidimensional correlations remains to be evaluated.




SUMMARY

The Problem

During the field phase of Shot Small Boy, an attempt was made to
determine the effect of particle ftype on radionuclide fructionation.
Because of suspected errors in sample designation, the resuits of that
study could never be utilizued.

Findings

Gross samples from Shot Small Poy were separated according to par-
ticle size by gentle hand sieving. Samples of fritted and spheroidal
particles were hand-picked from the larger slzed fractions. These frac-
tions were studied for their physical and radiochemicel properties, and
the results were used to determine the importance of redionuclide frac-
tionation with particle type from an operational viewpoint.
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INTRODUCTION

It has long been recognized that several different types of par-
ticles could be distinguished in fallout from land surface bursts.l In
1958, Mackin et al. reported the radiochemical compositions of spherical
and irregular Earticles observed in debris from a high-yield coral-
surfcce burst.© They found the spherical particles to be highly depleted
in fissicn-product mass chains with rare-gas precursors, while the irre-
gular perticles were relatively representative. R. Heft has recently
found evidence for two families of particles in cratering bursts.#* One
family is crystalline and the other amorphous. Both of these families
appear to have rare-gas precursor nuclides distributed according to the
particle surface area, but only the amorphous particles contain refrac-
torily behaving nuclides. From the viewpoint of fallout hazard predic-
tion, it is important to determine if a similar effect exists in debris
from silicate-gurface bursts, and if so, whether the magnitude of the
effect is such as to require inclusion in fallout prediction systems.

Shot Small Boy in 1962 offered an opportunity for study of the
effects of fractionation with particle type.3 Consequently, during the
field phase of that operation, personnel at the Nevada Test Site made a
special effort to obtain an early recovery (ER) sample and to separate,
by hand, groups of spherical and irregular particles. A gross sample,
two separated groups, and the residuel sample, were all returned to the
U. S. Naval Radiological Defense Laborstory (NRIL) for additiomal docu-
mentation and enalysis. After documentstion the samples were gent to a
commercial laboratory for radiochemical analysia. Table 1 combines the
results obtained from the two analyses and incorporates a swit:h of
sample designation (ER-2 and ER-5) suggested by field peraonne..

The data in this table do not make sense. If we Tirst compare the
equivalent fissions in the samples as determined by Zr95 and by Mo99,
and as estimated by ionization, we see that there is good agreement
between these three values for samples ER-2 and ER-6 but poor agreement
for samples ER-U4 and ER-5. In spite of this, the sample weights appear

*R. Heft, Lawrence Radiation Lai »ratory (Livermore), private communication.




TAHLE 1

Data on Early Recovery Samples

ER-2 FR-b ER-5 CR-6
Fesidual Ssnd Spherical Particles Cross Ssmple Fritted Perticles
all spheres and picked from fallout including picked from fall-
fritted particles material spheres end out material
removed fritted particles
Veight (mg) 409.0 10.1 72.0 57.6
Equivalent fissions 6.5 x 1012 (3.8 x 1011)a (5.7 x 1011) 3.8 x 1013
of 2r%
Equivalent fissions 5.9 x 10°° (7.2 x 101) (1.1 x 10%?) 3.6 x 1013
of Mo
Flesions srtimated 9.0 x 1012 1.1 x 1013 1.7 x 1013 2.2 x 1013
by ionisation
Estimated fiesions 2.2 x 10°3 1.1 x 103 2.k y 20 3.8 x 10%
per gram (ionization)
r values for fission products:
1,95
Brm 0.0104 2.41) 1.90) 0.0121
8 (0.037k) 3.04) 3.48) 0.378
o - - 0.0502
Pel32 o o - 0.0467
Cs136 0.05362 = - (0.456)
ce237 o.oe'r; - - 0.0762
Ball0 {0.905 - - 0.990)
celll - - - 5.38)
Celll - - - 0.2ub)
8. Valués In parentheses eérc not consistent elther with other values In this table or with previously
reported observations.
.
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to be reasonable and the estimated fissions per gram appear to be in
the right order. Thus, as would be expected, the residual sand has
the lowest specific acti-rity, the gross sample has the next lowest
specific activity and the spherical particles have the highest specific
activity. If we look now at the ry g5 values for fiesion products, the
spherical particles and gross samples are seen to be enriched in S .
By ccriparison with the resvlts of Mackin et al.,2 we would expect the
srherical-rartinsle fracticn to be the most depleted of all. As far as
internal consistency with other Small Boy samples is concerned,"4 these
values would make samples ER-U4 and ER-5 more than 3 times richer in
Sr89 than the next most highly enriched sample observed in the local
fallout.

The present work is a report of an effort to resolve these ano-
malies. The effort was undertaken when the samples were 20 months old,
and therefore only partial correspondence could be achieved between
the nuclides determined in the old studies and in the new ones. Limited
funding precluded the analysis of gross und residual samples.

BACKGROUND

Shot Small Boy was a low yield burst ot the Nevada Test Site in
1962. The device was placed on a wooden tower, 10 feet above a dry
lake bed, the material of which consisted of alluvial silt. Pre-shot
sieve analysis showed that the soll contained no particles grester
than 44 microns. The two fallout samples studied were designated
S2-PC-22 and 305-A0-1. These samples were collected during the field
phase of the operation at distances of 9,200 and 13,300 feet from
ground zero, respectively. The large particles used in this study
were formed by the coalescence of molten or partially molten soil
during the high-temperature phase of the detonation.

EXPERIMENTAL

Size separation of the two fallout samples was obtained with a
minimum of disturbance to the original states by gentle hand sheking
of a nest of U-in. diameter Tyler Standard Screen Scale sieves in a
plastic gloved box as described in a report to be published.® Groups
of spheroidal and fritted particles were selected by hand from the

#J. N. Fascual, "Bias in Fallout Data from Nuclear Surface Shot Small
Boy. An Evaluation ot Ssmple Perturbation by Sieve Sizing," USNRDL-TR.
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larger size fractions. The particles chosen from the 350-700 micron
fraction of sample 305-A0-1 are shown in Figs. ). and 2. The particle
type fractions were then documented for weight, gross gamma-ray acti-
vity, and gamma-ray spectra before transmittszl to a commercial labora-
tory (Tracerlab, Inc. (TIN)) for radiochemical analysis of long-lived
fission products. The fritted particles were found to be either dark-
brown, white, or off-white., while the glassy spheroidal particles were
light-green, brown or black.

RESULTS

Table 2 shows the weigh’s and gross gama-ray activities for the
particle size and type groups. The gamma-ray activities are of inter-
eat oniy for corpa:ison of perticle activities and as a check on the
radiochemical results. 1In each case the specific activity of the
spheroidal particles is greater than that of the fritted particles in
the same size class. However, the specific activity of the fritted
particles increases as the size decreases, while in most instances
the specific activity of the spheroidal particles decreases with de-
creasing size, so that the net result as size decreases is a conver-
gence of specific activities for the two types of particles. The
mass per particle for the spheroidal particles is sometimes greater
than, and scmetimes less than, that for the fritted particles of the
same size. This probably reilects a variable ‘vesicularity for the
spheroidal particles.

Figure 3 shows the gamma-ray spectra of ti- particle groups from
Sample 305-A0-1. These are the two extreme cases. I[he dashed line,
for the large epheréoidal articles A shows a prcnounceﬂ depletion in
the peaks for RulO6.Rn106 and Sbl25 relative to Celbb.

Teble 3 shows the results of the radiochemical analysis. These
results support those from gross activity and from gamma-ray spectra.
The equivalent fissions per gram are roughly proportional to the
specific activities shown in Table 2. All samples show comparable
depletion of Sr% and Csl37, while the RulO6 ratios and the Sbl25
ratios both vary over a factor of 10. These resulta correspond to
the data from the gamma-ray spectira.
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Fig. 1 Spheroidal Particles (Group 38) from Sample 305-p0-1.
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.Pig. 2 TFritted Particles (Group 3F) from Sample 305-A0-1.
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Fig. 3 Gamma-ray Spectra for Particle Groups 1S and 3F of Sample
305-A0-1. 1In 1S, Sbl25 and RulO® are seen to be depleted with
respect to 2r95 and Celh by a factor of 10 as compared to 3F.
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TAHLE 2

Mesn and CGross-Activity Deta for Picked Particles

Praction Particle  Particle Type [Mumber of Total Total Specific Maes per  Activity
Size Particles Mass Activity Activi Particle per
(w (mg) b (cpm/ng (me) Particle
(20" epm) X
(10" cpm)
A. Sample S2-PC-2
1 > 1420 Spheroidal 2 13.7 12.8 934c 6.8 6.4
Fritted 13 1k.5 8.34 5750 3.6 2,1
2 700-1400 Spheroidal n 19.3 13.6 7020 1.75 1.2
Fritted 20 17.0 9.8 5600 0.85 0.5
B. Semple 305-A0-1
1 > 1koo Spheroidal 6 29.5 5.05 170 T.4 1.3
Pritted 10 80.3 0.16 20 8.0 0.016
2 T700-1400 Spheroidal 68 a.7 33.h 5460 0.91 0.49
Fritted 85 nk.7 27.3 2070 1.b 0.28
3 350-700 Spheroidal 300 76.6 51.3 €700 0.25 0.17
Fritted 3 35.0 1.3 3240 0.11 n.034
TAHLE 3
Data on Sample 305-A0-1
Sample ¥ 18 3F 3s
Equivalernt
fissions of Cer'’ per k.98 y 10 4.08 ¥ 10% 6.40 x 10™* 144 x 10%°
gram
r1,14Y values for fission products:
Sr90 0.22 0.312 0.259 0.248
Rul06 0.0677 0.0194 0.228 0.0958
sbl23 0.0369 0.0104 0.120 0.0823
cs137 0.0595 0.0345 0.0750 0.0517
8




DISCUSSION

Comparison of the data in Table 3 with that of Table 1 requires
the assumption that Celhh did not fractionate from Zr92. This appears
reasonable in view of the 10w*correlation parameter of 0.03 for L,
reported by Crocker, et al.”»* On this basis, the new data confirm £%2
estimated-fissions-per-gram va'ues and the 05137 values of Table 1.

Sr9 value for ER-6 also avpears to be correct. Correction of the
Sr°) values by use of the estinated 'issions séves 0.083 and 0.064 for
ER-4 ard ER-5 respectively. Correction of SrV values gives 0.105 and
0.117 for ER-4 and ER-5 respectively. All four corrected values appear
reasonable. They aleo move the points for {hese samples to reasonable
positions in Crocker's correlation diagram.” However, there are so
many anomalies in the remaining data that it appears risky to accept
any of it.

The new data indicate that Cs'37, sb'2” and Ru'®® 11 nave about
the same degree of volatility. Crocker et al., reported fractionaticn
correlation values of 1.19 for Cs137 and 0.89 for Rul9® in Smell Boy
with reservations about the latter value.? The new data show these
reservations to be well grounded because neither the Rul06 nor the spi25
data correlate linearly with the data for nuclides with gaseous precurs-
ors. For Cs137 and s5r90, differences in ry jil, velues shown by the new
data here are not very dramatic. In generai, the spheroidal particles,
vhich were subjected to high temperatures, are somewhat more depleted
in volatiles than the fritted particles (subjected to lower temperatures)
of the same size. The depletion of larger particles with respect to
sioller particles of the same type is actually more pronounced. These
data thcrefore do not offer. any evidence for two families of particles
in this size ringe for this shot. This does not preclude the possibil-
ity of such an efrc:zt's being observed in other size classes. Because
the burst height and pre-ztot soil size for Small Boy were unique, it
does not preclude the possibiiity for other silicate-surface tursts
either. Our rearch for two families ' varticles in silicate-surface

bursts is continuing under another project.

*This low correlation parameter indicates that the ratio of Celhh to 2rd>
is virtually independent of the degree of fractionation r89 95°
)
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